Background: Human papillomavirus (HPV) vaccines were designed to prevent cervical cancer in women and their provision remains a major public health need. However, HPV is also a major cause of non-cervical anogenital and oropharyngeal cancers and the potential benefit of vaccination likely extends beyond cervical cancer.
Background
Cervical cancer is the fourth most common cancer affecting women worldwide, with an estimated 528,000 new cases and 266,000 related deaths in 2012 [1] . Cervical cancer develops following persistent infection with oncogenic (or high risk) types of the human papillomavirus (HPV), that includes types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 , 66 [2] . Approximately 70 % of cervical cancers are caused by HPV types 16 and 18, which along with several other high risk HPV types (HR-HPV), can be prevented by vaccination. However, the cancer-causing effects of HPV are not limited to the cervix; an estimated 50 % of penile, 88 % of anal, 43 % of vulvar, 70 % of vaginal, and 13-56 % of oropharyngeal cancers are attributable to HPV, primarily HPV-16 typically followed by HPV-18 [3, 4] . Sharply increasing trends in HPV-related oropharyngeal cancers have been observed in some countries [5] . The incidence of cervical cancer is far higher than that of nongenital or oropharyngeal cancers, and the provision of HPV vaccines to prevent cervical cancer remains a public health priority. However, together non-cervical and oropharyngeal cancers represented approximately 80,000 new HPVrelated cancer cases worldwide in 2008, also signifying an important public health burden [6] .
Available evidence from clinical trials indicates that current HPV vaccines can prevent vulval and vaginal and anal HPV infections, anogenital pre-cancers, and oral HPV infections [7] in women, and oral and anogenital infections and pre-cancer in men [7] [8] [9] [10] [11] [12] [13] [14] . However, compared to vaccine efficacy/effectiveness data for cervical HPV infections and high-grade lesions, similar data for non-cervical HPV infections and lesions are scant. Moreover, our ability to measure the population level impact of HPV vaccination on non-cervical cancers is severely limited by a lack of systematic screening for non-cervical infections and pre-cancers, the relative rarity of these cancers, and for some, the absence of precursor lesions amenable to screening. The need to build ways of collecting such data nonetheless remains important to understand the full value of HPV vaccination, including cost-benefit, so that proper guidance can be given to vaccination policy. To this end, we conducted a systematic literature review to investigate the natural history of non-cervical HPV infections, and to identify parallels between the epidemiology of these infections and that of cervical infection. These data can inform on the design and scope of future studies of HPV vaccine effectiveness, aid in the interpretation of surveillance data, and point to knowledge gaps where further investigations may be warranted.
Methods

Objectives
The study objectives were to conduct a systematic review of the literature to describe the incidence, clearance and persistence of non-cervical HPV infections, including comparisons to cervical infections for which data were available for the same/or similar study population. We also examined risk factors for incident and persistent non-cervical HPV infections.
Search strategy and selection criteria
A systematic review of the literature in PubMed used three search strings (Supplementary material) to identify noncervical anogenital and oral HPV infections and was limited to studies published in English between 01 January 1995 and 12 July 2014. We used specific searches to obtain articles on cervical HPV infections reporting comparable estimates of incidence, clearance, or persistence in the same or similar populations and using comparable HPV testing methods as in the articles on non-cervical HPV infections. Articles were included if they contained information on incidence, persistence, clearance or duration of non-cervical HPV infections, risk factors for non-cervical HPV infections or risk groups for incidence of noncervical infections. Articles were excluded if they reported diagnostic test research, if they were case studies, letters to the editor, editorials or comments, literature reviews, or meta-analyses presenting no original data. Articles were also excluded if no information was listed in the inclusion criteria, or if they reported data based on testing of selfcollected vaginal samples only. PRISMA guidelines were followed for the report. Independent review in duplicate was undertaken for 30 % of screened titles and abstracts and for 10 % of full text articles. Article selection, data extraction, assessment of risk factors and quality control procedures are provided in Additional file 1.
During the search for cervical cohorts, studies were found which used self-collected vaginal samples but in which the samples were referred to as 'cervical' swabs. These studies were not identified with the original noncervical search string that did not include the term 'cervical'. We did not include studies when vaginal samples had been self-collected, because the original search may have missed studies that assessed self-collected vaginal samples, and because we could not be certain that they represented vaginal-only infections. For similar reasons cervical samples collected using cervical vaginal lavage in D'Souza et al. [15] were also excluded because we could not be certain that they represented cervical-only infections.
For ease of comparability, incidence, clearance and persistence rates were recalculated, if not provided, per 100 person-years, and all estimates of median (or mean if median not reported) time-to-clearance (or duration of infection) were calculated in terms of months. For example, conversion from 1000 person-months to 100 person-years values was done by multiplying by 12 and dividing by 10. All estimates of median time-to-clearance were calculated in terms of months (dividing days by 30.5).
When confidence intervals (CI) were not already provided and there was sufficient data, we used the exact method to calculate 95 % CI for proportions.
Ethics approval was not required for this study.
Definitions
The definition of HR-HPV was study specific. The HR-HPV types applicable to individual studies are provided in Additional file 2: Table S1 . Clearance, incidence, persistence, and duration of infection were defined broadly to capture the most studies: For individual HPV types (e.g., HPV-16), incidence was defined as at least one positive test for that HPV type following at least one negative test for that type. Clearance of infection was defined as a negative test for the individual HPV type following a positive test for that type.
Type-specific incidence of any HPV or HR-HPV was defined as a positive test for at least one HPV type or HR-HPV type not detected at baseline or other previous visit. For non-type-specific incidence, subjects were required to have tested negative for any HPV DNA or any HR-HPV DNA at baseline. We considered this to be non-typespecific incidence even if the HPV type(s) associated with the incident infection was known. In addition, for studies conducting multiple follow-up visits, incidence rates could be calculated by: 1) censoring subjects at the time of the first positive test (first acquired incidence); or 2) considering subjects to be at risk throughout the follow-up period and counting each visit where at least one new type was detected as an event (total acquired incidence).
Type-specific clearance of any HPV or HR-HPV was defined as a negative test for all HPV types or HR-HPV types detected at baseline (type-specific clearance of prevalent infection) or for all newly detected during follow-up (type-specific clearance of incident infection). Non-type-specific clearance was defined as at least one negative test for any HPV DNA or any HR-HPV DNA following a positive test for any HPV DNA or HR-HPV DNA at baseline or during follow-up.
Persistence was defined as at least two sequentially positive tests for at least one specific HPV type or HR-HPV type at least three months apart. Definitions for type-specific and non-type specific duration of infection followed those for clearance of infection.
For estimates related to any HPV and HR-HPV, calculations were required to be based on the total number of subjects rather than total number of infections as the denominator.
Results
Search results
We identified 38 articles from 25 unique study cohorts with relevant data on non-cervical anogenital or oral HPV infections (Table 1) . A further 6 articles were identified that assessed cervical HPV infection in the same/similar populations. HPV-testing methods are summarised in Additional file 2: Table S1 . Three articles were excluded due to unclear methods. Articles excluded due to improper testing methods or sample type were included under 'no relevant data'.
Median follow-up times varied between 6.7 and 84.5 months, with all but 8 studies conducting at least two follow-up visits at intervals ranging between 2 and 12 months. Among the 31 studies reporting data on incidence of any HPV or any HR-HPV, 10 (32 %) used type-specific definitions which counted any newly detected type as an incident infection and 17 (55 %) used non-type-specific definitions that required subjects to be negative for any HPV or any HR-HPV at baseline; an additional 4 studies reported data on incidence of individual HPV types only. A total of 31 studies were known to have multiple follow-up visits. Among the 31, 20 assessed incidence of any HPV or HR-HPV: 13/20 (65 %) estimated incidence based on time to the first acquired infection; 3/ 20 (15 %) considered each new infection as an event; for 2/20 it was unclear (10 %); 1/20 (5 %) used both methods; and 1/20 (5 %) did not conduct any survival analysis. Among the 29 studies reporting data on HPV clearance, type-specific definitions were used more consistently, with only 5 (17 %) using non-type-specific definitions. Three studies (10 %) required at least two consecutive negative test results to define an infection as having cleared.
Penile HPV infections Incidence
In studies conducted in Africa, HR-HPV incidence was higher in human immunodeficiency virus positive (HIV + ve) men (42.0-72.9/100 person-years) than HIV negative (HIV-ve) men (19.7-32.9/100 person-years) ( Table 2) . Studies in Spain reported higher HPV incidence in HIV + ve men who have sex with men (MSM) than in men who have sex with women (MSW) (11.6 versus 5.1/100 personyears), but similar incidences of HPV-16 and HPV-18 infection. Genotype-specific incidence was highest for HPV-16 in at least one study subgroup in 7/9 studies (HIV + ve, HIV-ve, circumcised, uncircumcised and MSW) [8, [16] [17] [18] [19] [20] [21] .
In three articles that reported age-specific incidence of HPV infection the highest incidence was reported in the youngest age group studied (<30 or 15-24 year olds) [18, 19, 22] .
Clearance and persistence
The rate of clearance of incident HR-HPV infection was 123.9/100 person-years (Table 2) , with HPV-33 clearing most rapidly and HPV-58 least rapidly [22] .
The clearance rate of prevalent penile infections ranged between 23.6 and 114.1/100 person-years for any HPV [19, 20, 23] . Clearance of HR-HPV was 114.7/100 person-years in HIV + ve men and 170.2/100 person- In calculation of incidence of individual HPV types, subjects were required to be negative for any HPV DNA at baseline at not just negative for that type c Definitions for Any or Any HR-HPV infections: TS type specific. For incidence, defined as a positive test for at least one HPV type or HR type not detected at baseline (or other previous visit). For clearance, defined as a negative test for all HPV types or HR-HPV types detected at baseline or newly detected during follow-up. NTS non-type-specific. For incidence, defined as testing negative for any HPV DNA or any HR HPV DNA at baseline. For clearance, defined as at least one negative test for any HPV DNA or any HR-HPV DNA following a positive test at baseline or during follow-up. 2+ neg 2+ negative test results required to define an infection as having cleared. first subjects censored at time of first positive test. total subjects not censored and each visit where new type(s) detected counted as event. unclear unclear if incidence based on firstacquired or total-acquired [20] , depending on study and population. Age-specific clearance rates were highest in men aged >30 years in two studies [19, 22] . Time-to-clearance was 12.2 months for HPV-16 and 6.3 months for HPV-18 in HIV-ve men, versus 27.8-35.3 months for HPV-16 and 18 in HIV + ve men (Fig. 1) .
HR-HPV persisted in 31 % of HIV-ve men and 43 % of HIV + ve men at 6 months, and in 25 %/28 %, respectively, at 12 months [24] (Table 3) . Persistence of HR-HPV at 12 months was associated with higher HPV viral load at baseline in HIV + ve men [24] .
Cervical infections in comparable populations
In South Africa, incidence and clearance of penile and cervical infections was assessed among 468 male-female couples aged 18-67 years (Table 4 ) [22] . Incidence and Fig. 1 Median* Time to clearance (months, 95 % CIs) of HPV from non-cervical sites in men and women. Footnote: *mean reported for [20, 46, 47, 51] . TS type-specific incidence defined as at least one positive test for any HPV type or HR-HPV type not detected at baseline; NTS non-type-specific incidence defined as at least one positive test for any HPV type or HR-HPV type among those negative for any HPV DNA or any HR-HPV DNA at baseline clearance rates were significantly higher among men compared with women (incidence of any HPV 66.8 versus 40.7/100 person-years; clearance of any HPV 114.1 versus 80.3/100 person-years). In regression analyses adjusting for HPV type, incidence rates remained higher in men when stratified by age-group and HIV status; clearance rates remained higher in men when stratified by age-group and among HIV + ve individuals (Table 4) . HIV status was the only significant predictor of clearance in men and women, whereas in multivariate analyses, incidence was significantly predicted by HIV status and partner infection with same HPV type in men and women, and age at first sex and hormonal contraceptive use in women only.
Male genital HPV infections
Male genital sites included samples from the scrotum, coronal sulcus or combined samples of both penile and non-penile sites (Table 2) .
Incidence
Incidence of any HPV ranged from 14.8 to 50.51/100 person-years in adult men and military men [25] [26] [27] [28] . Incidence in university students (median follow-up of 12.9 months) was 62.4 % [29] . Incidence in male partners of pregnant women was 32.3 % over 7 years after the initial assessment [30] . HPV-16 was the most frequently identified type in all studies, followed by 52 and 58 [25] [26] [27] 29] , or 51 and 59 [28] .
Two studies reported on age-specific incidences of male genital infections, of which one was restricted to 18 or 19 year olds [29] . In an adult population the highest incidence was observed in the oldest age group studied (41-44 years) for any HPV infection (55.6/100 person-years), but the highest incidence of HR-HPV was in 26-30 year-olds (33.1/100 person-years) [31] .
Clearance and persistence
Median time-to-clearance of any HPV male genital infection was 3.5-7.1 months (Fig. 1) . Time-to-clearance of HPV-16 was 7.1-11.1 months, and 5.4-6.5 months for HPV-18.
The median duration of incident male genital HPV infections ranged between 5.1 and 7.1 months [25, 26, 28] . The duration of HPV-16 and/or 18 infection ranged between 5.4 and 11.1 months [25, 26, 28] . In the United States (US), HR-HPV genital infections persisted in 42 % of men at 6 months, 19 % at 12 months and had cleared in all men at 18 months [25] (Table 2) .
Cervical infections in comparable populations
Incidence of male genital and cervical infections was assessed in two similar but separate cohorts of men and women from Arizona (Table 4) Table 4) . Among men and women with genital HPV infections at baseline, the same infecting HPV genotype was present at the 7-year follow-up in 11 % (95 % CI 0.3-48.2) and 30 % (6.7-65.2), respectively [30] .
Anal HPV infections
Ten articles reported on anal HPV infections: seven reported infections in men and four in women (Table 5 ).
Incidence in men
The incidence of anal HPV infection was higher in HIV + ve men (gender of partner not specified) and HIV-ve MSM (range 21.3-46.2/100 person-years), than in HIV + ve MSW (7.9/100 person-years) and MSW (HIV status not specified, 9.7/100 person-years). Among MSM, HPV-16 and 18 were among the HPV types with the highest incidence, although depending on the study, the incidences of HPV-51, 52 or 59 were similar or higher [33] [34] [35] .
Incidence in women
In women, anal HPV incidence ranged from 14-56.3/100 person-years. HPV-16 and 52 were the most frequently infecting types [36] . The incidence of any and HR anal HPV infection in 12-18 year olds was higher in men than women (HIV-ve and HIV + ve), although the 95%CIs overlapped (Table 5 ) [37] . By contrast, in another study in women [36] the incidence (per 100 person-years) of any anal HPV infection was higher (56.3) than in all studies reported in male populations (range 7.9-46.2) ( Table 5 ). In this study the incidence (per 100 person-years) of HR-HPV infection in women (23.4) was higher than that reported in MSW (4.4) and within the range observed in HIV + ve men or MSM (13.3-36.7) . A regression analysis conducted in a US study of sexually active women noted a statistically significant inverse relationship between acquisition of a new HR-HPV anal infection and age; with a 57 % (95 % CI 19-77) lower risk of acquisition among older women (≥45 years of age at baseline) than among younger women (<25 years at baseline) [36] .
Clearance and persistence in men and women
Seven articles reported on the clearance rate of anal infections, of which five were in men who were HIV + ve and/ or MSM, and two were in women ( Table 5 ). The clearance rate of prevalent anal HPV infections in men varied between 14.6 and 66.7/100 person-years for specific HPV types. Amongst HR-HPV, the clearance rate was lowest for HPV-16 in 5/6 populations [20, 33, 35, 38] . For HPV-16 and 18 the time-to-clearance ranged between 30 and 39.5 months (Fig. 1) .
In women, the clearance rate of incident anal HPV infections was 89.3/100 person-years, with a median timeto-clearance of 7.8 months [39] (Fig. 1) . In another study, 56.5 % of women cleared any HR-HPV infection by year 3 [40] . In the single study that reported clearance of prevalent infections, HPV clearance in women appeared to be within the range reported in studies in men (Table 5) .
HR-HPV anal infections persisted at 6 months in 51.0 % of MSW and in 24.2 % of MSM who were HR-HPV positive at baseline [35] (Table 3) .
Cervical infections in comparable populations
In Hawaii, anal and cervical samples were collected in sexually active women aged 18-85 years every 4 months for an average of approximately 1.3 years [36, 39, 41] . Incidence (per 100 person-years) of anal versus cervical infections was more than three-fold higher for any HPV (56. In two partially overlapping cohorts of sexually active teenager and young adults in the US, clearance by 12 months was also similar for anal versus cervical infections (29.7 % [95 % CI 19.0-41.7] and approximately 35 %, respectively) [40, 42] . In the Hawaii cohort, there was some indication of higher clearance of anal than cervical HPV-16 and 18 infections, with more than twofold differences in the median duration of infection (4.3 versus 9.8 months, and 6.9 versus 14 months, respectively), but CIs overlapped substantially (data not shown) [36, 39, 41] .
Vaginal HPV infections
We identified one study of vulvovaginal HPV infections that employed physician-collected swabs [43] . The incidence rate for vulvovaginal HPV infections among university students was 16.0 per 100 person-years (95 % CI 13.7-18.6) compared with 12.7 per 100 person-years (95 % CI 10.8-14.9) for cervical infections (Table 4) . No information on clearance or persistence was available. 
Abbreviations: MSM men who have sex with men, MSW men who have sex with women, py person-years, TS type-specific incidence defined as at least one positive test for any HPV type or HR-HPV type not detected at baseline, NTS non-type-specific incidence defined as at least one positive test for any HPV type or HR-HPV type among those negative for any HPV DNA or any HR-HPV DNA at baseline
Oral HPV infections
Eleven articles (considering six cohorts) reported on oral HPV infections: eight in men and five in women (Table 6 ).
Incidence in men
The incidence of oral HPV infection was 5.7-6.1/100 person-years in HIV + ve men and 6.7/100 person-years in HIV-ve men [23, 44] . In another study conducted in university students, oral HPV incidence over 1 year was 12.3 % [45] . Finally, in the Finnish cohort, oral HPV infection was reported in 14.3-69.2 % of male partners of pregnant women 7 years after baseline. The variability in results was due to the varying sampling timetable [30, 46] . In studies reporting type-specific incidence, HPV-16 was the most frequently identified type [44, 45, 47, 48] . Two studies reported age-specific incidence rates of oral infections in men. In one study in university students the age-specific incidence was higher in the 21-24 years age-group than in the 18-20 years age-group [45] . In HIV-ve men there was no increased risk of incident HR-HPV oral infection across age groups (range 18-73 years) [44] .
Incidence in women
The incidence of oral HPV infections in HIV-ve women was 6.8-20.4/100 person-years versus 39.6/100 personyears in HIV + ve women [15, 49] . In the Finnish cohort, oral infections were present in approximately 10 % of men and women after 24 months follow-up, and in 14.3 % of men and women after 7 years [30, 50] . Incidence rates in women appeared to be similar or higher than rates in men, depending on the study.
Clearance and persistence in men and women
Clearance rates of oral infections in men were reported in two study cohorts (Table 6 ). In HIV + ve men, the clearance rate of prevalent oral infections in MSM was 19.3/100 person-years, or 48.3 % after two-year followup [23, 47] . Rates for HIV + ve MSW were 15.8/100 person-years and 34 %, respectively [23, 47] . The timeto-clearance of oral HR-HPV in HIV-ve men was 6.9 months. Time-to-clearance of oral HPV-16 infection was between 7.3 and 37.1 months in HIV-ve men, and was higher (42.3-48.3 months) in HIV + ve men (Fig. 1) . In the Finnish cohort, approximately 5 % of oral HR-HPV infections in 19 HR-HPV-positive men had cleared by 24 months [50] .
In US studies, clearance of any oral HPV in women was 60.6 % at 3 months [49] , and clearance at 6 months was 20.0 % in HIV-ve women and 40.0 % in HIV + ve women [15] . No oral HPV infections had cleared in women in the Finnish cohort at 24 months, whereas clearance at 7 years was 100 % [30, 50] . Among women with persistent cervical HPV infection the time-to-clearance of oral HPV infection was 50.0 months, versus 28.2 months in women without cervical HPV infections (Fig. 1) [51] .
Persistence of oral HPV infections was reported for three cohorts (Table 3) . In 662 healthy volunteers in Japan, four had a prevalent infection and two had persistent infection with the same HPV-type after 2.5 years [52] . The persistence of prevalent HR-HPV infections in male and female university students was 42 % after three months [49] ..
Risk factors for non-cervical and oral HR-HPV infection
Penile and/or male genital infections with HR-HPV were significantly associated with younger age in only one study [19] , although three articles reported no significant association with age [17, 31, 53] . Other significant risk factors were anal intercourse, HPV status of the partner, number of partners (current or lifetime), and HIV infection [17, 19, 22, 26, 31, 53] . Being uncircumcised was identified as a risk factor for penile HR-HPV infection in one study in HIV-ve men [19] , but not in another [28] .
An increased likelihood of clearance of HR-HPV penile infection was associated with an increased number of sex partners and circumcision (in HIV-ve men) [19, 31] . One study reported increased clearance in men with self-reported urethral discharge [19] , but other sexually-transmitted genital infections were not associated with clearance [19, 31] .
Risk factors for anal HR-HPV infection in women were younger age, condom use (possibly due to using the same condom for vaginal and anal sex), higher lifetime number of partners (≥6), and advanced HIV infection and smoking (in HIV + ve women) [36, 37] . There was decreased likelihood of clearance of anal HR-HPV infection in women with a 2-10-pack-year smoking history [39] .
No risk factors were significantly associated (multivariate analyses) with anal HR-HPV infection in men.
Risk factors for persistence of oral HR-HPV were only available from one study: a history of smoking was significantly associated with longer persistence whereas a history of genital warts was associated with shorter persistence [46] .
Discussion
The available data suggest a high incidence of noncervical HPV infections in men and women, with HPV-16 most consistently ranking among the HR-HPV types with the highest incidence rates and the lowest clearance rates in all sites. Despite relatively few studies providing data for cervical and other genital infections in comparable populations, there appears to be a general pattern of both higher incidence and clearance of non-cervical versus cervical genital infections. Around one-half of the identified articles assessed HPV at male penile/other genital sites. There was a wide variation in HPV incidence reported at these sites, although the time-to- [46] . Study [30] reported HPV status at baseline and at 7 years, whereas study [46] considered HPV status at baseline and all subsequent follow-up visits (i.e., 2 m, 6 m, 24 m, 36 m, and 7y) clearance was comparable across all studies, with the exception of substantially longer time-to-clearance in HIV + ve men. HIV status, circumcision, number of sex partners and HPV status of the partner significantly influenced HR-HPV incidence, clearance and persistence rates at male anogenital sites in some, but not all studies. Some of these risk factors are the same as those identified for cervical HPV infection, for which the number of sex partners is the most important one [54] .
Unlike cervical intraepithelial neoplasia, analintraepithelial neoplasia infrequently undergoes malignant transformation in immunocompetent individuals, but the risk of malignant transformation is much greater in HIV + ve individuals [55] . Corresponding with the higher incidence of anal cancer in MSM and HIV + ve men compared to the general population, we also found consistently higher incidences of anal HPV infection in these groups compared to MSW and HIV-ve men, respectively. There was a lack of similar comparison data for these risk groups for clearance. The primary exception was Nyitray et al. [35] , which indicated potentially lower clearance rates for MSM versus MSW, but multivariate analyses directly comparing the two groups within the same model were not conducted.
The Hawaiian studies by Goodman et al. showed an incidence of anal HPV infection that was three-times higher than cervical HPV infection [36, 39, 41] , although a recent review concluded that the prevalence of anal and cervical infections are similar in women, and that cervical HPV infection is a risk factor for anal HPV infection [56] . As prevalence is determined by the incidence rate multiplied by the average duration of infection, the similar prevalence between anal and cervical infections could be due the higher incidence of anal infections being offset by simultaneously higher clearance. The Hawaiian cohorts provided indication of higher clearance of anal infections, but despite this study having one of the largest, most carefully followed cohorts, there were limited samples sizes to assess clearance rates, especially for individual types. This was in part due to the fact that the analyses of clearance focused on infections that were acquired during the course of the study.
The incidence of oral HPV infection was within the same range in men and women, although the prevalence of oral HPV infection has been reported to be higher in men [57] . Our data were too limited to conclude whether there were differences in persistence or clearance rates between men and women. It is thought that the oncogenicity of HPV is similar in oral and cervical cancers, although numerous gaps remain in understanding the risk factors that influence progression from oral infection to oral neoplasia [57] .
The factors that influence oncogenesis at non-cervical sites are not well understood, and appear to differ by site and between populations (including men versus women, immunosuppressed versus immunocompetent, circumcised versus uncircumcised) [57, 58] . Although the incidence of HPV infection at non-cervical sites appears to be high, the increased capacity for clearance of HPV observed may contribute to the lower occurrence of these types of cancers. Overall, data describing the natural history of non-cervical cancers are lacking.
A potential limitation of our study is the non-inclusion of articles in which vaginal swabs were self-collected. The single study that we identified using physician-collected vaginal swabs may not be representative for this site as it was limited to university students. However, it was one of the highest quality studies, following more than 400 women aged 18-20 years old every 4 months for 10 years and prospectively collecting sexual behavior data. The studies on cervical infections were selected from specific non-systematic searches aimed to identify comparable populations with which to compare to non-cervical infections. Thus, the results may not be applicable beyond the study setting. Most studies were not properly designed for risk factor analysis and should be interpreted cautiously.
The studies we identified were substantially different in terms of their design, including follow-up times and sampling intervals which ranged from several months to 7 years, as well as the number of types and methods used for HPV genotyping. Although it is difficult to apply a standard grading to these studies, the highest quality studies tended to be those that followed cohorts of at least 200 subjects and conducted multiple follow-up visits ≤6 months apart for at least one year. At least one such study provided data for each of the sampling sites: penile [17-19, 22, 24, 53] , male genital [25, 26, 28, 31, 53, 59] , anal [34, 36, 38, 39] , vulvovaginal [43] , oral [44] .
The available published data are limited by the lack of age-specific estimates, and information on clearance/persistence of infection was frequently based on very small sample sizes, resulting in imprecise estimates. Few studies provided incidence or clearance data on oral or anal HPV infections in women versus men, and the relative burden of these infections in each sex is not clear. Specific estimates of incidence and clearance of HPV-16, which is involved in the majority of non-cervical cancers, and HPV-18 which may also be important in some sites, as well as estimation of clearance rates at 6 and 12 months, could inform on potentially important endpoints for clinical trials of vaccine efficacy. Finally, because just a few countries contributed data to this review and given the important differences in study designs, outcomes and populations, it is important to note the limited generalizability of these results to other populations.
Conclusions
Cases of cervical cancer are projected to increase, emphasising the importance of ongoing efforts to provide access of effective HPV vaccines to all [1, 60] . As yet, the implications of HPV vaccination for prevention of non-cervical cancers have not been fully explored [58] . Some countries have recommended HPV vaccination for young males on the basis that vaccination will prevent HPV-associated cancers in men, as well as theoretical benefits in preventing transmission of HPV to women [61, 62] . Programs targeting prevention of cervical HPV infection could have additional benefits on the non-cervical disease burden. This review suggests that there are parallels between the epidemiology of cervical and non-cervical HPV infections in terms of the incidence and distribution of HPV types, and of risk factors for HPV infection. However, these parallels may not be directly applicable to disease at noncervical sites. More detailed and extensive studies could provide useful information for estimating vaccine impact, the wider cost-benefit of HPV vaccination, and for guiding vaccination policy.
